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Photomask blank and photomask 
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A photomask blank comprising a transparent 


tion of the light-shielding film and the antireflective film, 



substrate on which are formed at least one light-shield- when each film is composed of a CrCO layer, a CrCON 

ing film and at least one antireflective film minimizes film layer, or a combination of CrCO and CrCON layers. The 

stress and eliminates substrate warp following deposi- photomask blank can be accurately patterned without 

distortion to give a photomask. 
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Description 

BACKGROUND 



W The present Invention relates ,o a photomask blank and a ^ £ - I. g^ZS^S: 
eiflcally. « relates lo a photomask blank and photomask wh ph are »en spited w« an me 

^ra,r^=^^^ 
;^r~ 9 ,a^ 

chips, oharg.-ceupled dev.ces Colo, ^^T^^J^^, JLae such as silica glass o, aluminc 
parpoaa ara '"^^'^^^Z^^S^ boon .oaoad by a spuh.nng or .acuum 

SST ~ * carded op, by 

posed of a chromium-based light-sh.eld.ng film on a substrate. selectively P 9 

n™air;.a="-— ^ 

IKE^^S!*-^. coating le ..aer.,* ro^.d on the eedece 
side, or bom the sedace and beck sides, of the .ight-shield.ng «J bribed lo lb. prior ad. For 

cess-vefy formed a oh ™™um ^*«Je n ' tr film and a chromium oxide nitride film containing chrom.um ox.de 
flective coating, a chrom.um film as a Hght-sh eld.ng n m. anu 1eache s the use of CrON (JP-B 61-46821 

formed over a halttone fi.m in order to inc^ 

[00071 An important requ.rement of Photomasks * * e ; u ™^ romium . based films on the substrate increases 
Yet, no matter how flat a substrate « £^ £ ™£ Slowing film formation and thus lowering surface 

film stress within the plural.ty of layers causing < he s ^ ch S anged due t0 streS ses within the applied 

epnseqoence la ™^£™™£££^ZZLL ot soch P»s«toaal d.viarion da. to warping ol the 

prraaarbarr™ 

^.0^^— ppra^^ 

also to be provided. nhAtnm „ k b|anks whicn comprise a transparent substrate having 

rooiOl We have found that, in photomasks or photomask DianKs wnicn H r 

CiCON layer, pr a pomb.nanon ol CCO ."« ™ ay.rs » Iormalion o| |igM . 

5=S,r STSSS SSrSSR^iS- Henc.. photdmask blanks and Ph— 
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having a high degree of surface flatness can 1 » obtain«l. a transpare nt substrate and, on the sub- 

Si 1 ^^C^^^^^ ^ lerei " ^ ^ ^ COmPOS6d " 3 CrC ° 
,ayer. a CrCON layer, or a combination^ * ^^££J^ photomask blank has, in order from the substrate 

SSSS^s?55- 

K. .ier « «>. «gn.-an,e.dina «, m and a CrCON ,a,e,, „ 1 £ .„ „„,„, , rom , he subs „ al6 sMe , 

r^ura^srrxr .-sssis rrssss . ««. as . 

antireflective film. ....^^ hlank has in order from the substrate side, 

T^ZTSrZltZ^^Z^^, ~ a OCC* ,. y e, a S a seaand 

antireflective film. „^*i W ~ film havp a combined film stress of not more than 0.2 

[0016] Preferably, the .ight-shie.ding film and ant.ref ect.ve fnm have a « 0 ™'^* „ w fo|| ^ g< , e position 
[ GPa. Preferably, the substrate in the photomask ^^^^^C^otmoStt« m .0.2| U n. 
of the light-shiefding film and ^^^^^^^^^ patterning any such photomask blank. 
[0017] The invention also prov.des a photomask fabnca ted oy r mnog p ^ substrate, at least one light- 

0018 The inventive photomask blank and photomask whwh corr^nse on a transpare ^ 
Sng film and at .east one antireflective H^S^uiSSiSTn^^, folding formation 

=g^=^^ 

circuit devices. . Hpnosited usinq as the sputtering gas C0 2 , which is 

30 RRIEF DESCRIPTION OF TH E DRAWINGS 

- Ttie .aa.nran and advan.agas o, ,he invnnU.n w,» te o m a mar. apparent ,mm ft. .o»o»,n g da.an.d 

dascnp.on. u*.n in con, u n«ion w«n »a «««'^™' g t0 „„. embo di m ant ol ,ha invan.Pn. 

be used in connection with the .nvent on. FIG ^ s ^ ;j h 0 ^ n patterned , F1G . 5C shows the workpiece after 
nPTAll ED DESCRIPTION 

Slp^r ~^^, 8 S, ^~~d .nOra^.a - . « »mpcaad a, , COO ,. y a, a 

[0028] Such a two-layer film structure has four possible comb.nat.ons. 

m a CrCON layer as the light-shielding film with a CrCON .ayer as the antireflective film; 

2 a C CO layer as the light-shielding film with a CrCO layer as the ant.rer.ect.ve f.lm 

3 a c Sn layer as the light-shielding film with a CrCO layer as the ant.re ec .ve Mm. and 

4 c S layer as .he light-shielding film with a CrCON layer as the ant.ref.ect.ve Mm. 
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second antireflective film 2' on the light-shielding film 3. 

[0030] Such a three-layer film structure has eight possible combinations: 

(1) a CrCON layer as the first antireflective film, a CrCON layer as the light-shielding film, and a CrCON .ayer as 
S TSS>^^eZ antireflective film, a CrCO layer as the light-shielding film, and a CrCON layer as 
to^ZZXE****** film, a CrCO layer as the light-shielding fi.m, and a CrCO layer as the 
STSSC^Tfli- -tireflective fi.m, a CrCON .ayer as the light-shie.ding film, and a CrCO layer as the 
^SS^S first antireflective fi.m. a CrCON layer as the iight-shie.ding fi.m. and a CrCO layer as 
S a S c~0 ra^Te^ntirefiective film, a CrCO layer as the Nght-shie.ding fi.m. and a CrCON .ayer as the 
^ CrSC - t^s, antireflective fi.m, a CrCON .ayer as the nght-shie.ding fi.m. and a CrCON layer as 
IS IT^Z™^ anLiective fi.m. a CrCO ,ayer as the .ight-shie.ding fi.m. and a CrCC Mayer as the 

=™ 

film. 

100311 Each CrCO ram preferably has a composition oonalslinc, essentially of 1 to 20 atom % carboo end 5 to 60 

^►O ^TJSS^n^cLi™!, oepoaueb bom the auoa.rat, side by a reaotive apederlhg p.ooeae eeing chrom.om 
raM n 6l'"Th. sputter™ process may Be ooe which employs a dir.cMarreht po»er supply (DC eputterihg) or a high- 
may be used. DC sputtenng . '^ a "«J use f||m formation is more rapld , increasing productrvity. 

Lach of a carbo'n-containing gas (e.g., CH 4 , CO, and CO), a ni ^en-containing ^ - 
/ ~ mo a nri 0«1 Alternatively, a qas mixture obtained by mixing tnese gase* wm 

the spuS gases may be introduced separale.y into the sputtering chamber, or some or all of the gases may first 
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be mixed toqether then introduced into the chamber. u 
[0038] The sputtering gases introduced into the sputtering chamber during deposit™ o a CrCO film .may be .one 
each of a carbon-containing gas (e.g., CH 4 , C0 2 , and CO) and an oxygen-conta.ning gas (e g CO, and O £ Mer- 
natively, a gas mixture obtained by mixing these gases with an inert gas (e.g., argon, neon and krypton) may to used. 
Using CO, or a mixture of CO, with an inert gas as the sputtering gas is espec.ally advantageous because .t ,s safe 
and because C0 2 gas has a lower reactivity than other suitable gases such as oxygen, which enables the gas to spread 
uniformly through much the chamber and thus allows the CrCO film that forms to be of un.form quality. Each of the 
spuSg gases may be introduced separately into the sputtering chamber, or some or all of the gases may f.rst be 

mixed together then introduced into the chamber. 

[0039] The sputtering target need not be composed entirely of chromium so long as chrom.um » a major component 
Examples of suitable targets include chromium targets which contain oxygen, nitrogen or carbon, and targets composed 
of chromium to which a combination of oxygen, nitrogen and carbon has been added. 

[0040] Illustrative, non-limiting examples of the substrate used for film formation include transparent quartz, alumi- 
nosilicate glass, calcium fluoride and magnesium fluoride. 

[0041] The film structure in the photomask blank of the invention is not limited only to a chrom.um-based two-layer 
or three-layer film structure. For example, the photomask blank may have instead a four-layer film structure Jhe , f . m 
structure may further include a phase shifter film which changes the phase of light at the exposure light wavelength. 
The photomask blank of the invention may be adapted for the production of not only transmission-type masks, but also 

[0042]°%to1nvenSe photomask blank obtained as described above is then patterned by a lithographic process to 
Live a photomask having a two-layer or three-layer structure composed of CrCO and CrCON layers like those shown 
in FIGS 2 and 4. Because the change in substrate warp after formation of the light-shielding film and the entire f ective 
film, relative to before film formation, or afterfilm removal during patterning relative to before film removal. ,s preferably 
less than 0.2 urn, and most preferably from 0 

1-00431 More specifically, using a photomask blank as proposed herein, a photomask may be manufactured by a 
process as show'n in FK3*6. A c'rCON layer (or a CrCO ,ayer) is formed as a first antireflective film 2 on a substrate 
11 a CrCO layer (or a CrCON layer) is formed as a light-shielding film 13 on the first ant,reflect,ve film 12. a CrCON 
ayer (or a CrCO ayer) is formed as a second antireflective film 12 on the light-shielding film ,13 and a resist film ,14 
informed on the second antireflective film 12 (FIG. 5A). Next, the resist film 14 is patterned (FIG. 5B). Then the first 
antireflective film 12, the second antireflective film 12" and the light-shielding film 13 are dry-etched or we -etched (FIG. 
J", film 14 is subsequently stripped (FIG. 5D). In this process, application of the resist f.lm pattermng 
(exposure and development), dry or wet etching, and removal of the resist film may be carried out by know methods. 
0044] Because the photomask disclosed herein can be substantially free of substrate warp following film °eposrt.on 
desired patterns of a very small linewidth can be accurately formed. Hence, the inventive photomask ,s capable of 
meeting the technical demands of even higher levels of integration and miniaturization in semiconductor mtegrated 
circuit devices. 

EXAMPLES 

[0045] The following examples of the invention and comparative examples are provided by way of illustration, and 
not by way of limitation. 

Example 1 

[0046] A CrCO film was deposited to a thickness of 70 nm on a 6-inch quartz substrate by ^ sputtering. Chromium 
was used as the target, and the gases passed through the system were argon (5 seem) and C0 2 (0.4 seem) Othe 
"uttering conditions included a gas pressure during discharge of 0.3 Pa and a power of 130 W. The compos.t.on of 
"he CrCO film, as determined by electron spectroscopy for chemical analysis (ESCA). was 69 atom % chrom,um, 13 

S£T C7 ScoSlXosited to a thickness of 25 nm on the CrCO fi.m by DC sputtering. Chromium 
was used as the target, and the gases passed through the system were argon (5 seem). CO a (1 2 seem) and N 2 (T6 
seem). Other sputtering conditions included a gas pressure during discharge of 0.3 Pa and a power of 130 VU The 
composition of the CnCON film, as determined by ESCA, was 42 atom % chrom.um, 5 atom % carbon, 43 atom /. 

oxvqen and 10 atom % nitrogen. 

[0048] The change in substrate warp following deposition of the two films, relative to before f.lm deposition, was 
measured with a FT-900 flatness tester (manufactured by Nidek Co. , Ltd.). The value was 0.04 nm. wh.ch is very small. 
The total film stress for the two films, as calculaied from the change in warp, was 0.03 GPa. 
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Example 2 

,00491 A lira CrCON film eras Mooted .0 . .hiokn.es .1 25 nm op a O-iooh quod, ^bs«o by OC opudenn* 
ELSwo. used » ,h. .arge, and ma oases passed 

GPa. 
Example 3 

T00531 A first CrCON flfen was deposited to a thickness of 25 nm on a 6-inch quartz substrate , by DC sputtering 
Slum wal used as the target, and the gases passed through the V^a a d a p-er of iTo 

atom % oxygen and 1 0 atom % nitrogen. CrCON film by DC sputtering. Chro- 

SST T. «d"oON"m: X- » a «d- a. 25 nm on ,he eeoond Cd=ON OOa O, DC sparing 
Si as.d as ,he .ar g o,. and ma oaaea pas sad "'^'l^™^ aV^and a^ S 

40 GPa. 

Example 4 

,0007, A CM. CrCON On ... depo.i.ad .0 a mrcKnaes of 70 am on a O-.noh qoaru MM . b» ■» .punertr* 

5S «S52s«=:^- 
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Comparative Example 1 

l CN JLm was asod as me iarg... and ft. gasee passe mre gh me W'£> » pa an0 . powe( 0 , , 30 
■\, oxygen .md 1 0 atom % nitrogen. CrCON film by DC sputtering. Chromium 

Lei*, was esad as me .«g«. and ft. gesee ^ d Sg dTscharga of 0.3 Pa and a pawe, o. 1 30 

43 Hiom oxygen and 1 0 atom % nitrogen . . _ f th three films relative to before film deposition was 

Tis mo .n.ao . m. as calculated tram me change in warp, was 1 .5 GPa. 
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40 



[M641 The -oove .Psoas dead, der— ^SS^ 
'and ,! leas, one ...a ... co»o Him on » <~»j»«™ ■ ™ * ,aoL film bee.ase each film is edmpde.d of 

fS^r,".^ ™ 5 ~~ " 

^M5J Japa^csc'patcnl Application No. "^^^^J^ (^^^b^^an^mo^hcTticH^s'and variations may be made 

entiaanravdep—herwise 

than as spcafcaify described in the Examples. 



45 



50 



Claims 

of CrCO ana CrCON layers. 

, The phobia Plana o, cairn , having, in erde, ban, ,he sabsb.,. aide, a CrCO „»e, as ,h. light-shielding film 

and a OCON uycr as the antirefiective film. 
3 Th. phelomasa .una Cm , having, in Pfd.r .mmfte sababate aide, a CrCON ,a»er a. me lighfahieldm. ,i,m 
and a CrCON layer as the antirefiective film. 

, The phefamass pfaaa a, - , having, in erde, bom ,b. — aid., a CnOON layer as a ,bs, — ve 
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„ m n OCON ,a,a, as the ligla-shlnlding -.—«»« layer . a s.cand MM. -a 
of not more than 0.2 GPa. 

5 „ • , ho «, borate has a change in warp following formation of the light- 

7 Sy^riMHS.'SSS - -aUo, - no, - «n 0.^. 
s a pnoromas* .abroad b, Khograpbic* patlaming a pbotoraasK blank o, an, on. o, claims , . 7. 

■ ,n. manuladur. ol a photomask b,an k according >o any cap of claims 1 to 7 bv deposition 

9 - SSEESESSESE^ - - - — 

10 . A m.rdod comprising pacing o, said .ikas o, a pbnlomask Plan, acceding ,0 an, one o, olalms , .» 7 ,0 
is make a photomask. 

„. Tbe « o, a pd.romask according » Calm 8 as a pnoromask In a nr K ,o,abdca*n process. 
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FIG.3 
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FIG.5A 




FIG.5B 




FIG.5C 
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